This paper presents the results of the comparative study of as cast microstructures and mechanical properties viz yield strength, ultimate tensile strength, elastic modulus, percentage elongation, hardness, percentage porosity and fracture characteristic of 5 wt% SiC and Al 2 O 3 particulate reinforced Al-4% Cu-2.5% Mg matrix composites. These composite materials were prepared through stir casting process. Quantitative metallographic techniques were utilized to determine the average grain size of particles. The microstructures and tensile fracture characteristic of the representative samples of the composites were examined using optical microscope (OM), scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDX) and X-ray diffraction (XRD) techniques. The experimental results demonstrate a fairly uniform distribution of 50.8 µm Al 2 O 3 and 49.2 µm SiC spherical particles with some clustering in few areas. At the interfaces of Al 2 O 3 and the matrix, MgO and MgAl 2 O 4 were observed. Similarly, Al 4 C 3 was formed at the interfaces between SiC and the matrix. The mechanical property test results revealed that, for the same weight percentage of reinforcement, Al-4% Cu-2.5% Mg/5 wt% SiC composite exhibit a 15.8%, 16.4%, 4.97% and 10.8% higher yield strength, ultimate tensile strength, elastic modulus, and hardness, respectively. On the other hand, even if some porosity was observed in the Al 2 O 3 reinforced composite, the percentage elongation (ductility) was 31% higher than that of SiC reinforced composite. The tensile specimen of SiC reinforced composite failed in a brittle fashion without neck formation, whereas the Al 2 O 3 reinforced composite failed in a ductile fashion with noticeable neck formation.
Introduction
Industrial technology is growing at a very rapid rate and consequently there is an increasing demand for new materials [1] . Conventional metals and alloys have limitations in achieving good combination of strength, toughness, wear resistance, high temperature performance and corrosion resistance. Therefore, material researchers' have diverted their focus from monolithic to composite materials [2] . A composite material is made by combining two or more physically distinct phases whose combination produces aggregate properties that are different from those of its constituents. Composite materials can be classified as: 1) Metal Matrix Composite (MMCs), which is the mixture of ceramics and metals; 2) Ceramic Matrix Composites (CMCs), in which two ceramic materials are imbedded together for improved properties, especially in high temperature applications; and 3) Polymer Matrix Composites (PMCs), where thermosetting resins are most widely used as the matrix [3] . Among these composite materials, metal matrix composites are the most widely used.
MMCs combine high strength, ductility and high temperature resistance properties of metals together with the stiff and strong, but brittle character of ceramics. Aluminium and silicon carbide, for example, have very different mechanical properties: Young's moduli of 70 and 400 GPa, coefficients of thermal expansion of 24 × 10 /˚C, and yield strengths of 35 and 600 MPa, respectively [4, 5] . By combining these materials, superior properties such as high strength, high stiffness, high service temperature, high electrical and thermal conductivity, good wear resistance, and low coefficient of thermal expansion can be achieved. These unique properties of MMCs provide a better option for structural applica-tions primarily related to automobiles and aerospace sectors [5] [6] [7] .
The addition of high strength, high modulus refractory particles such as SiC, TiC, B 4 C, Al 2 O 3 , MgO, TiO 2 , etc. to a ductile metal matrix produce a material whose mechanical properties are intermediate between the matrix alloy and the ceramic reinforcements [8] [9] [10] . The reinforcement materials are basically classified as: 1) Continuous or discontinuous fibres; 2) Whiskers; 3) Particles; and 4) Laminated reinforcements [8, 11] . In recent years, particulate-reinforced metal-matrix composites have attracted considerable attention due to their cost-effectiveness, isotropic properties, and their ability to be processed using similar technology used for monolithic materials [9, 10] . The main processing techniques for MMCs are 1) liquid state processing; 2) semisolid processing; and 3) powder metallurgy. However, particulate reinforced Al composites can be processed more easily by the liquid state i.e. melt-stirring process. Melt stir casting is an attractive processing method since it is relatively inexpensive and offers a wide selection of materials and processing conditions [12, 13] .
So far considerable research work had conducted to investigate the effects of reinforcement type and volume fraction on the microstructure and mechanical properties of numerous aluminium alloys. However, in the contemporarily literatures there is no published work particularly emphasized on SiC or Al 2 O 3 particulates reinforced Al-4% Cu-2.5% Mg matrix composites. The intent of the present study is therefore, to examine the comparative effects of the addition of 5 wt% SiC and Al 2 O 3 particulate reinforcements on the microstructure and mechanical properties of Al-4% Cu-2.5% Mg matrix.
Experimental Work

Materials and Preparation of Composites
In this study, Al-4% Cu-2.5% Mg foundry alloy was used as the matrix material and 400 mesh size (18 µm -40 µm) 5 wt% SiC and Al 2 O 3 particles were used as the reinforcement. Table 1 presented the chemical composition of the matrix material. The melting process was carried out in a muffle furnace with graphite crucible. Initially, Al-4% Cu-2.5% Mg foundry alloy was charged into the crucible and heated to about 700˚C till the entire alloy was melted. The ceramic particles were preheated to 850˚C for two hours before incorporation into the melt. The preheated SiC/Al 2 O 3 particles were then added at a uniform rate. During the incorporation of reinforcement particles the melt was stirred with mechanical stirrer at the speed of 700 rpm. After the matrix alloy fully melted a small amount of degasser (C 2 Cl 6 ) was added to minimize the presence of hydrogen gas in the melt. A small amount of magnesium (<2 wt%) was also added to improve the wettability. The mixture was poured into the steel mould of size 35 × 35 × 260 mm 3 for the preparation of cast blanks. The mould was also preheated to 350˚C for 1 h to obtain uniform solidification. All the melting process was carried out under the cover of argon gas. SiC and Al 2 O 3 particulate reinforced composites were produced separately using the same technique and similar processing parameters.
Microstructural Characterization
Microstructural samples were taken from various portions of the experimental composites. The surface of the specimens were initially polished using 120, 220, 400, 600, 800, 1000, 1500 and 2000 grit size water proof SiC emery papers. Then, polishing was carried out on a disc polisher with Al 2 O 3 suspension on velvet cloth, until a mirror finish surface was obtained. Finally samples were etched using Keller's reagent (2.5% HNO 3 , 1.5% HCl, 1% HF and 95% H 2 O by volume) to achieve a better microstructural observation. Microstructural characterization was done using scanning electron microscope (SEM). For identifying the compositional elements and confirming the formation of SiC/Al 2 O 3 particles and the presences of other intermetalic phase X-ray diffraction (XRD) and energy dispersive X-ray analysis (EDX) was carried out.
Mechanical Property Test
Vickers bulk hardness at load of 5 kg was carried out on the composite samples after polishing with a fine grained emery papers. For hardness measurement at least seven indentations in 2 mm gap have been made and the average of these readings was reported as the hardness of the corresponding material. Representative tensile specimens from different parts of the cast ingot were machined at 5.0 mm diameter and 25 mm gage length. After machining, the gage surface of the specimens was mechanically polished using 400 and 600 grained emery papers to remove scratches and machining marks. Three test specimens were used for each run and the mean value were reported as a result. The 0.2% proof stress, ultimate tensile strength (UTS), elastic modulus (E) and percentage elongation (%EL) were determined based on the stressstrain curves of the examined test specimens. The fracture surfaces of the representative samples were examined by SEM to determine the failure mechanisms. 
Porosity Measurement
In a composite, the proportions of the matrix and reinforcement are expressed either as the weight fraction (w), which is relevant to fabrication, or the volume fraction (v), which is commonly used in property calculations. By relating weight and volume fractions via density (ρ), the following expression is obtained (m stands for matrix and r for reinforcement material): [14] 
The above expression can be generalized as follows:
In this study the theoretical density of the composites was obtained by rule of mixture and the experimental densities determined by the Archimedes principle of weighing small pieces cut from the composite billet, first in air and then in water with analytical balance of a measurement precision 0.0001 g. Four specimens for each percent weight fraction were used for density measurement. Then, the porosity of the composite samples was determined by using the theoretical and experimental densities, according to the equation:
where d t and d e represent the theoretical and experimental densities, respectively [15] .
Results and Discussion
Microstructure Analysis
The most important factor to achieve a homogeneous property of discontinuously reinforced composites material is the uniform dispersion of the reinforcement particles. Therefore, the appearance of the microstructure could give an insight into the quality of the composite [16] . Figures 1 and 2 he microstructure act between the reinforcing pa
Mechanical Properties Test Analysis
articles T s observations revealed that the rein forcement particles are almost spherical in shape and their distribution is reasonably uniform throughout the matrices in a company with clustering of particles and porosity at some locations. The white spots characterize Al 2 O 3 and SiC particles, whereas, the black spots exposed the presences of porosity. Particles clustering may occur due to the insufficient stirring speed and stirring time, whereas, the porosity may be attributed to the dissolved gases and air bubbles sucked into the melt while adding the argon gas and the ceramic powder to the melt via the vortex during the mechanical string. But the degree of clustering and porosity was found more in the Al 2 O 3 reinforced composite.
It is expected that the cont rticles and Al melt would result in an interaction layer which improves wetting between the two constituents. The type of interaction layer depends on the elements present at the interface during processing [13] . The interfacial reaction between the metal matrix and reinforcement in metal matrix composites (MMCs) is very important because strong interfacial bonding permits the transfer and distribution of the load from the matrix to the reinforcement. Therefore, the nature of the interface is one of the most important factors to consider when designing a MMC [17] . The XRD pattern of the examined material revealed that CuAl 2 and MgAl 2 O 4 occurred in the interfaces between Al 2 O 3 and the matrix. Similarly, Al 4 C 3 and CuAl 2 were formed at interfaces between SiC and the matrix. The presences of such brittle inter-metallic phases substantially affect the strength of the bond between the matrix and the reinforcement. In a consequence the load transfer process will be affected and that causes the local stresses in the microstructure raised and this may lead to particle cracking and as a result the mechanical properties will be lower. Figures 3 and 4 cast Al-4% Cu-2.5% Mg/5 wt% Al 2 O 3 composite. It has been well known that the clustered reinforcement particles hindered the uniform distribution of particles, as a result the porosity level elevated in these regions and which causes to deteriorate the mechanical properties. In addition, the average grain size of the SiC reinforced composite is a little bit lower than that of Al 2 O 3 reinforced composite. The lower the SiC particle size resulted in better mechanical properties. Moreover, the large strength and modulus improvements indicate that the strength of the bond between SiC and the matrix is higher and as a result the load transfer was more efficient in the Al-4% Cu-2.5% Mg/5 wt% SiC composite. The reduction in ductility in case of SiC reinforced composite can be attributed to the relative higher hardness of the SiC particles that is prone to localized crack initiation and increased embrittlement effect due to local stress concentration sites at the reinforcement-matrix interface. Figure 5 shows the results of mechanical property measurements.
Previous experimental results also demonstrate similar observations. ther Al 2 O 3 or SiC particulates are among the most promising composite material systems. Evidently, the main drawback of these composite materials is their very low ductility, which is limited by the nucleation of voids by reinforcement cracking [18] . Composite materials containing hard particles have high hardness, but their yield stress does not increase in the same proportion due to limited load bearing by the particles caused by shape and size [19] . It was also reported that during the production process of MMCs, some porosity is normal, because of gas entrapment during vigorous stirring, air bubbles entering the slurry either independently or as an air envelope to the reinforcement particles, water vapour on the surface of the particles, hydrogen evaluation, shrinkage during solidification, and volume fraction of reinforcement material. The presence of porosity, consequently, decreases most of the mechanical properties of cast MMCs. Failures initiated from the pores within the matrix material, particle fracture and reinforcement-matrix interface are due to voids coalescence, reduction of ductility, and reduced MMC cross section [20, 21] . It has also been observed that clustered reinforcement distributions are deleterious to mechanical properties [22] .
Fractographic Test Analysis
SEM micrographs of the fractured surf mental composites are shown in Figur ace of the experie 6. It can be seen of w that the tensile failure of Al-4% Cu-2.5% Mg/5 wt% Al 2 O 3 composite consists of several sized dimples along with noticeable neck formation prior to fracture, which is typically a ductile fracture. In agreement with an earlier work of Daoud et al. [23] , the fracture surface of the composites reinforced with Al 2 O 3 particulates essentially consists of a bimodal distribution of dimples. The large size dimples are associated with the particulates and small dimples are associated with ductile fracture of the matrix. On the other hand, the tensile specimen of Al-4% Cu-2.5% Mg/5 wt% SiC composite fractured in a brittle fashion without any noticeable necking formation and few numbers of fine dimples. This may be due to the void nucleation, growth, and coalescence occurred rapidly. It is well known that voids nucleation, growth, and coalescence contributed to the final fracture of the matrix.
The other possible reason for the brittle fracture nature of the SiC reinforced composite may be the presence eak intermetalic phases like Al 4 C 3 . The existence of this detrimental intermetalic phase activates a different fracture mechanism, the material failing by the nucleation, growth and coalescence of voids and these voids subsequently grow by plastic straining and as a result final fracture occurs suddenly by localized necking of the intervoid matrix. Previous research work also demonstrated that there are three modes of failure typically occur in metal matrix composites: 1) cracking of the reinforcing particles; 2) partial debonding at the particle/ matrix interface resulting in the nucleation of voids; and 3) the growth and coalescence of voids in the matrix. The particular failure modes that p processing, matrix microstructure and reinforcement morphology and distribution in addition to the stress state [24] .
Co
From the present st drawn: 1) 5 wt% Al 2 O 3 and SiC particulate reinforced Al-4% Cu-2.5% ced through stir casting process;
2) The scanning electron microscopy (SEM) results showed that reasonably well disper all porosity at some locations. In addition, some dele- oof ress, ultimate tensile strength, elastic modulus, and hardness, respectively. On the other hand, although the Al 2 O 3 reinforced composite demonstrate some porosity, but the percentage elongation (ductility) was 31% higher than the SiC reinforced composite;
4) The fracture surfaces study revealed that the Al-4% Cu-2.5% Mg/5% SiC composite s re surface, whereas the Al-4% Cu-2.5% Mg/5% Al 2 O 3 composite demonstrate the formation of some necking before tensile failure and which is an indicator of the presence of some ductility.
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